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Basic  Considerations  in  L.S.D.M. 


Design  of  Beams  vising  Limits  states  Design  Method. 
* F.O.S.  For  Loads. 


F.O.S. 

For 

Dead  Load.  — 

1.4  ~ 

> To 

increase 

F.O.S. 

For 

Live  Load.  — 

1.6  2 

j the 

Load. 

F.O.S. 

For 

Dead  Load.  — 

0.9  ~ 

1 To 

decrease 

F.O.S. 

For 

Live  Load.  = 

zero  2 

i the 

Load. 

Load  (To  Increase)  = 1.4  D.L.  + 1.6  L.L. 

= 1.5  ( D.L.+  L.L.  ) IF  0.75  D.L. 

Load  (To  Decrease)  =0.9  D.L.  + 0.0  L.L. 


Example. 


max.  + Ve 

Increase  Decrease 


max.  — Ve 


Decrease  Increase 


G =40  kN 

9=30,0  kN\rrC  9=20  kN\m"  P^ISkN 

P=  1 5,0  kN\rrV  P=  1 0 kN\m ' 

A A°^ 

77777777”  77777777” 


5.0 


>.0 -J 


1.4(30)  + 1.6  (15) 


1 1 1 E 


0.9(30) 


0.9  (20) 

1.4(20) 
+ 1.6(10) 


0.9  (40) 


1.4(40) 
+ 1.6(15) 


,A" 


///wr 
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* F.O.S.  For  Materials. 

1 - Case  of  Axial  and  eccentric  load.  ( M,N ) 

Q C ( Concrete  ) = / . 5 [ (^r)  ” ^ 1*5 

§s  {Steel) 

2-  Case  o/  Flexure  only.  ( M ) only 


r 

* 

L 


| gc=  /.5  , Qs=/./5] 


TV 


F 

— n 

F 

Allowable  stress  For  steel.  = ry 


:.  Allowable  stress  For  concrete.  — * c<^ 

Sc 


s 


s 


We  have  three  types  of  Sections. 


1 - Balanced  Section.  ^ ^ 6000  * ^ 

{Brittle  Failure)  & 6000  + {F^\^8) 

2 - Under  Reinforced  Section.  C<CC^ 

{Ductile  Failure) 

3 - Over  Reinforced  Section.  C)>C^ 

{Brittle  Failure  ) 

4*4  L&  <J*> 

ot  U.L.D.M . Jl  LcSIj  I 

Under  Reinforced  Section. 
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% *1* 


Properties  of  Under  Reinforced  Section . 


® C<c 


max. 


Z_  £cu 

3 


where: 


a= 

0.8C 

H 

( 

Cc 

d 

— 

~ dr- 

a 

2 


a<  a 


max. 


a = 

max. 


0.8 


max. 


a 

max 


600 

600  + (Fy\Q8)* 


a>  a . 

x mxn 


IF  a<o.i  d a =o.i  d 


max. 


[i 

• 7 


Where : 

A 


S 


bd 


jJ  I Jb  JL»J  I 

OLd^l  <P>luM 


Smax. 


max. 


bd 


Code  Page  (4—  7)  Table(l—4) 


A 


max. 


= h»«*b  d 
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Design  of  Beams  using  First  Principles. 


Example. 


From  design  of  a given  Sec.  ( 250*700 ) 

Found  that  A « — Qnn 

^±S  required  — oUU  mm 

to  Check  A 


1.1 


y 


s . Calculate  — bd 

nun.  27* 

ry 

bd=  — *250*650=  496.5  mm  > As 


..  As  <C  ^ 


s 


360 


min. 


req. 


Take  As  = A 


®min. 


S . 

mm. 


1J 

?v 

1.3  A 


'^bd  =LL 

Fu  360 


*250.650=  496.5  JjVl 

390 


8„q.  =1.3*  300=390 


6.5 -j 


st.  360/520 


bd  = .250  * 650  = 243.7 

iuu  ioo 


jjSVl 


390  mm 
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max. 


IF  we  are  vising  A 


where 


2)  cf>dmin. 

Under  Reinforced  Section  f-Ualll  ’*Lij  pLUHJ  Jif  yt  d . 

V—  V-  WU1 

Over  Reinforced  Section  £.U“SJI  ©-*  d ^ d Jl  ^ <=>1*  UJ  j 


mvn. 


IFK.l  is  given  3 We  can  get  (ji  by  vising 


without  A 


s 


M„,_  2 R 

3 0 


cu 


a««b(tLr1If“) 


0R  ^UL  = R ^ b dl™ 


max.  Qc 


Code  Page  (4—7)  Table(  1—4) 


IFM„,  is  given  y 5y  using  -4^ 


U.L. 


Mux_  ^ l ima 


3 So  max 


bid  _Omax\+i4  J,/d 

' min  2 ' ® A-  ' m.im.  ' 


Qs 


mvn 


ii?  MUJh=  b dmin.  + -d') 

max.  Qc  ° Os  v rmri  ' 
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Design  of  Beams  using  First  Principles. 


max 


<B>  M 


U.L. 


U.L. 


MUmLm  o*'  (»3-cJ V i cL=  ^ ^LLaJI  (£*£>  <jJac~«  ^ 1 

max 

Over  Reinforced  Section  ^LLaSJI  U.L.  ***  lO-6*^  ^ 

max 


if  d is  given  y We  can  get  M u.l.  by  nsing 

max 

without  .4sn 


LU 


M, 


U.L.  = = „ 

max  3 Q 


2 Fou  a-  & ( d-CL Ht)  + (d-d') 


Oi?  i»fK£.  = i?  (d-d') 

max.  Qp  M- 


max 


8, 
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Example. 


Fcu  = 25  N/mm* 

Get  MUL' 

max 


St.  360/520 


[4 

550 


A £■ 

4<0>12 


L-250J 


As 

4$1 6 


As  = 4<ff>16  = 804  mrn 
A gN=  4 fl>  1 2 = 452  rrvrtx 


600 


a =o.8(£)\ — - 

max  \3/l  600+  (Ey\6a) 


a 

max 


600 


600  +(360) 

1.15 ' 


<*] 

* 550  J = 1 92.7mm 


mb  (d-a**)+At**  (d-d') 

'•  Mu-L.=  § (f§)(192-7)  (2s°)  (sS0-i2^Z)  + 452  (-£S|_)  ( 550-50 ) 
= 313576590  N.mm  = 313.576  kN.m 

OR  Get  Rmax  = 0.194  Code  Page  (4-7)  Table(l-4) 


Mu.l.  = R 


cu 


b ct  + A8-  (d-d') 

Os 


u.Jj.  — X 

max  max.  Qc 

Mv±T  °- 194  (fl;)  (250)(550)2+  452  (_2|2_)  (, 550  -50 ) 


= 315268659  N.mm  = 315.268  kN.m 
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IT  ’ ^max  * ^ ^ ** 

Code  Page  (4-7)  Table(l-4 ) 


JUvA^J  1 <ju  ) 

C max 

d 

max 

J\  max 

si  240/350 

0.50 

8.56x104xFou 

0.214 

si  280/450 

0.48 

7.0  x104xFcu 

0.208 

si  360/520 

0.44 

5.0  x104xFcu 

0.194 

st.  400/600 

0.42 

4.31  x1(j4xFcu 

0.187 

si  450/520 

0.40 

3.65x1 04x  Feu 

0.180 
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Design  of  R-Section  Subjected  to  B.M.  only 

Using  First  Principles. 


2 Feu 

3 5e 


t “ 
a=o.aC 

C 

(-) 

c( 

1 

l 

d-f 


A 


ajd  JbJ^al  OjIxJI  oJu  $ Ltfib  fjuu 
j|c  oLwmJI 


a,d 


A g dUi  j CL^  0.  1 dl  131  o«i*  ^5  Q0 jxj 


C = T 


2 ^u*  a*6  = ^4„*  ^ 
2 5c  8 5S 

ot  5 -4^ 

A § jL>JL»uj  dU3  j CL  ^ 0.1  dl  q 131  OjUJI  o3dt  jxJ 

ct- o.  i dl  3>.f  (b* 

K.i-A,%  (d-f) 

Os  ^ 

ot  ^ d * 
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Typ  es  of  Problems. 


Tm >e® 

Given:  Fcu  , st.  > b » Mux_ 

Req:  d>As 


Solution: 


CL min  — 0.1  d 

am<w  = 0-5  (■§)  Cft=  0.8  (-j)  [ 600  + (Fy\Gs)  ] * 


_ Choose  a value  between  CL  • > CL 


mm 


max 


a = V'*  d 


__  From 


M -2  Fc 


CU 


U.L. 


3 5, 


a b(d-&) 


=|  ^ (/ d)b(d-^>) 


- Get  a=  (/ci) 

— Cet  As  From  2_ 


F, 


cu * a*b 


5, 


^s* 


F, 

6: 


y 


— Check  A smiici 
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Example. 


Feu  = 25  N\mm 
5 = 0.25  m 

Reg:  Get 


St.  360/520 

150  kN.m 

d > 


Solution. 


^ min  — 0.1  Cl 

amax  = 0.8  (|)  Cfc  = 0.8  (-|)  [ 6QQ  ~ ] * & 

= 0,8  Of)  E 600  + (360 \1. 15)  ] * d'  = 0.35  d 

Choose  a value  between  0Lmin  > CLmax  . Take  j^^(^£5ci)j 


From  M =2_  Feu  q fa  (d  _CL\ 

3 Qc  V 2 } 


150*  id  =|(xt)  ( 0.25  d)(250)(d-°-^) 

d=  496.8 


mm 


d=500 


mm 


t = 500  + 50=550  mm 


r- 


— Get  a=  0.25  d = 0.25  * 496.8 = 124.2  ram 

— Get  A$  From  F™*  a*b  — 


3 8* 


5 


s 


I (tt)  ( 124.2  ) (250)  =AS  (jjj) 


360 


As=11 02. 0 mm 


l_U  Jl  JLCO 

• hV  • 


r~ 


- Check  (250)  (500)  = 381.9  mm 


V 


••  A s As  = 


min. 


1102.0  mm 
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Type (g) 


Given:  Fcu  , st.  > b > d > Mux_ 

Req:  IF  Required. 

Solution. 

Calculate  ^ = 0.8  C ^ = o.a  (f)  Cb  = o.a  (f)  [ eoo*°(fv\5.)  1 * ^ 
Calculate  M„  ,=-|— Ct  b(d-^p^) 

max.  2 5c  mo*-  V 2 

* /F  M $CMrr  r ► iVo  need  2o  itse  Compre88XVe  6teei  (A.  a) 

TT  T V t/.L.  ' O / 


max. 


— Get  a.  From 


M ~ 2 Ft 


CU 


U.L. 


3 5, 


a b(d-%) 


l 

IF  a < 0.1  d 


a 

m 


l 

IF  a>  0.1  d 


Take  a = 0.1  d 
— Get  As  From 
M ‘ F° 


u.,=As'Jl  (d-f) 

Os 


M 


ux-A/jl  (d- 

Os 


2 

o.i  d 


) 


_ Check  A 


min. 


— Get  As  From 


— S2A * a*b  = As*  — 
3 6c  s 5 


Check  A 


S 


min. 
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Design  of  Beams  using  First  Principles. 


* IF 

We  need  to  use  Compressive  steel 4SV) 

We  have  to  put  a Compressive  Steel  to  be  able  to 
increase  Tension  Steel  As>A§  ani ^ ^ec* 

max. 

still  Under  Reinforced  Sec. 


K,>  m, 


U.L. 

max. 


M-U.L.  — 2 feu  a (di~ 

nm.nsr.  \ 9 ' 


max. 


3 Qc  mou7- 


A M-  Mul_-  MaJ_  = Cs  (d-d)  - 


max. 


(d-d-) 


Conditions  to  use  ^4  s' 


/-  A 


o — 
° max. 


40.  A 

100 


S 


2-  ^ 0.20 

^ 0.15 

< 0.10 


St.  240/350 

St.  360/520 
St.  400/600 
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* IF  M > Mul 

U.L. 

max. 

We  need  to  use  Compressive  steel 

-Get  AM-  M„l- 

max. 

— Get  A s From  A M=  ^ (d-ct 


A 

CO 

II 

imax. 

s'  — LL  b d + A 

• max. 

Ss 

— Check 

A s-  = 

0.4  . 

4S 

max. 


(Dif  As'  < ^4S' 

max. 

®if  ^4S"  > ^4SV 

max. 


o.k. 


we  have  to  increase 
dimensions . 


© Copyright  Eng.  Yasser  El-Leathy  2013  . A II  copyrights  reserved.  Design  of  Beams  using  First  Principles. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 

Commercial  use  of  these  notes  is  not  allowed.  (www.yasserelleathy.com)  Page  No.  15 


Type(g) 


Given:  Fcu  ,st.»b>d  >MV.L. 
Req:  As  > A g if  Required 


Calculate  CLmax  _ 0.8  Cmal=  0.8  ( j)  C„=  0.8  (|)  [ e00!^\S,)  ] * d 


Calculate  Mrrr  2 F 

U •Ijm  — ^ 


ere. 


max 


3 0, 


6 (cf-Op) 


U.L. 


f 


1 


max. 


(No  need  to  use  Ag*) 

- Get  <X  From 

M Rig*  a b(d-%) 

UL-  3 Qc  v 2 ' 


a 

“T 


f 

IF  a ^ 0.1  d 
Take  cl  = 0.1  d 

— Get  As  From 


J 

IF  a>  0.1  d 

- Get  As  From 

lEp iea*b=A8*Q 

3 Be  5* 


(FFe  need  to  nse  -4S") 

-Get  AM  - Muxr  M„j_ 

max. 

— Get  A gN  From 

am  = As^(d-ct:) 

Os 


- Get 


As  = A 


8 


max. 


S' 


As  - U b d + A 

• max , 


s' 


-Check  As'  = 0.4  A 


Check  A 


max. 


S 


min. 


1 


s 


mvn. 


= Thd 
Fy 

1 .3  Asreq, 


St.  360/520 
st»  240/350  100 


jsVi  -v 

^ bd  J^1 

025  bd 


l ~i 

IF  AS'  < -4*'  IF  AS'>AS' 

^ max.  rnax- 

O.Jc.  Increase 

Dimensions 
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Example. 


800 


Fcu=Z5N\ 


2 

ram 


1300 


st.  360/520 


nJ 

1 100 

1 


300 1 


Bcq.  Qet  As  , As  IF  Required  M _ 

U.L. 


400  kN.m 


and  draw  Details  of  RFT.  in  Cross  sec. 


Solution.  £ _ J200  mm  R-Sec.  ^ 


Ft- 


d'max  = 0.8  [|  600  + (F/&a)  ]*^  = 0.35  d = 0.35  * 1 200  = 420 

Mu.l.  = |^M  a b (d-Q^oA  2 / M.)  (420)  (300)  (l 200  -42S.)  = 1 386000000  N. 

max  J On  max  2 ' 3 \1 .5  / 2 ' 


mm 


,3/  <M 


= /3fi6  kN.m 


U.L 


U.L. 

max. 


S 


:.No  need  to  use  A 

-Get  a From  MUL  =2  E™  ab(d-Q.) 

3 Qc  3 

:.  400*  id  = £(j^)(a)(300)(l200-&) >-|a  = 104.55  mm  |<0./rf 


Tafee  a = 0.1  d 


— Get  As  From  MV1  = As  Ql  (d-  QiLd') 

Os  ^ 


400  *1(f=  Ag  (y^|)  ( /200-  ) 

— Check  A § 


AS=11Z1  mrri 


rmn. 


As=  J^bd  = (300)(l200)=  HOOmrn 

Ft,  obU 


y 


-4S  s.  As  , :.  o.k. 

° ^ rmn. 
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Design  of  Beams  using  First  Principles. 


Example. 


800 


Fcu  = 25  N\mrn  st.  360/520  f 


Mux=  500  kN.m 
f)  ~ 0»a  m d = 0.70  m 


750 


1 1 

1 100 

1 


0.23— 


Get  A 


A g ip  Required 


\mu±l.= 


500kN.m 


Solu/tiori.  d = 700mm  R-Sec. 


avmr  = 0.8  (|)  [ eoo  +0(^\0j)  ] * d - 0.35  d - 0.35  * 700  -245  mm 

b (d-ap)=  | (25)  (245)  (250)  (700  -^)=393020833  N.mm 

= 393  kN.m 

v -AC MVJh  We  need  to  use 


uj.: 


max. 


- Get  A M = MUJh-  M„r  = 500  - 393  = 107  kN.m 


U.L. 

max. 


-Get  A s'  From  AM  — -4g>— ; (ci-cT) 

5s 

/07*  /06=  24s'  (700-50) ► 

from  Code  Page  {4-7)  Table  {1-4) 

Kna*.  =5*10~4FOU  =5*104*25  =0.0125 

•••  -4S  = (J,  bd+As'  = 0.0125  {250){700)+  525  =2712  mn? 


max. 


-4S  =•  2712mm 


- Check  Ag-  = 0.4 -4S  = 0.4  {2712)=  1084.8 

max.  ' 

:.  A&  < .4 


2 

mm 


s' 

max . 


o*  A/  • 
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Design  of  Beams  using  First  Principles. 


Example. 


500  — i 


= 25  N\mm 

St.  360/520 

Reg. 


— 12501— 

1 Mr. . = 350  kN.m 

U »L« 


Using  First  Principles  Design  the  Sec , .For  Bending 
With  min.  Depth,  Sc  without  Ag* 


Solution. 


To  get  dmiru 


R—Sec. 


use 


* a=a_  , As  = A, 


max.  f “S’  *3 

max. 


ama*  - 0.8  (^)  [g00  + (/^\5S)  ^ 


LI  =5*1 04*  F = 5*  1 o'4  (25)=  0.0125 

• max.  CU  7 

As  = U b d = 0.0125  (250)  d = 3.125  d 

max.  • max. 

From  Mul  = | fy  a 5 (d-  ?hp») 

mow;,  a Oc  max.  * 

350*106=  j ( 0.35  d)  (250)  (d  - 0 3|  ") 

.-.  d . =660.57  mm  Take  |d=700  mm  | , 

min.  ~ 

— Get  From 

As  =3.125  d = 3. 125  (660.57)  = 2064.28  mm 

max. 


t=  750 


^4S=^4S  = 2064.28  mm 

max. 
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Example. 


500— i 


TP  — 25  N\mm 
1 cu  ' 

St.  360/520 
Req. 


L 

ioo  r 

r 


Using  First  Principles  Design  the  Sec.  For  Bending 
With  min.  Depth.  Sc  with 


— l250l— 

I 

M„r  — 350  kN.m 

UmMJ • 


Solution. 


To  get  dmin. 


Take  CL  = CL 


max , 


9 = As  + ,4ox  9 -^sN— -^4 


max. 


S 

max. 


max 


= 0.4  A s=  0.4  Us.  + A^) 


max. 


.-.As"  = 0.4  U bd  + As"  ) 

° max.  ' * nm.n.nr  w max . / 


max. 


'max. 


-4S"  = 0.4  M-  5 cJ-/-  0.4  -4S' 

« «v>n/x  • nnnntY. 


max. 


max. 


'max. 


.-.  0.6  A s"  = 0.4  b d 


'max. 


max. 


max. 


= bot 

a • max. 


am«  - o.a  (^)  [ 600  + (ji’y\Qs)  ] * - 0-35  c£ 

= 5*  Id4.  F = 5*  Id4  (25)=  0.0125 

r max.  CU  v 7 

^4S  = b d = 0.0125  (250)  d = 3.125  d 

max.  • mow:. 

^ ®max.~  f Hnax.b  rf  = | (»■ (**>)  d - 2.08  d 
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Design  of  Beams  using  First  Principles. 


From  Mul  = | a b (d~amax  ) +A„-  3l  (d-d) 

max.  o 0 c max.  max. ' ~r  S x V ^ / 

max.  0 s 

•••  350*  10*=  | (y§)  (0.35  d)  (250)  ( d - c si  t ) + (2.03d)  (y^j)  (d  - 50) 


:.d  = 502.09  mm  Id  = 550  mmj  , | £ = 600  mm 


— Ce<  i4s  From 
= 3. 125  d 

= 2.08  d 


As 
A 


max. 

\ 


max. 


3.125  (502.09)  = 1569.03  mm. 
2.08  (502.09)  = 1044.34  mm 


A*=Aa"  = 1044.34 


2 

mm 


max. 


As=  As  + Ass  = 1569.03  + 1044.34  =2613.37  mm 


max. 


max. 


600 


2613.37  mm 


1044.34  mm 


250 
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Design  of  Beams  using  First  Principles. 


Design  of  T-Section  & L -Section 
Using  First  Principles. 


* T-Section.  ( ,>  U>}LJI  ,jf 


T—Sec.  R-Seo. 


Sec.  (1-1) 
R - section 


Sec.  (2-2) 
T - section 


Effective  Width.  ( B ) 


C.L.-C.L 

slab  slab 


16  ts+  b 

K^+b 

O 


K = 1.0 


K = 0.80 


K = 0.70 


K =2.0 
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♦ L— Sections.  ^ oyS 


L—Sec.  R— Sec. 


t 

Sec.  (1-1) 
R - section 


Sec.  (2-2) 
L - section 


Effective  Width.  ( B ) 


C.L.-C.L. 

beam  slab 


+ b 
+ b 


K=  1.0 


K = 0.80 


L 


Cj  Ij^oSJl  ’<UU  (jJ 


K = 0.70 


K = 2.0 
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Example. 

Get  B For  Bi  ,B2  ,BS 


2.0  m 


B 


1 • iow) J & ■. 


4^^ 


T 


5.0 


3.0 


250 


r 2.5+1 .5 = 4.0m  =4000  mm' 
16*120+250=  2170mm 

0.8  *§221 +250  = 121 Omm 
5 


= 1210  mm 


izail 


Bj£  3-jijla  tyS 

B — 


b3 


250 


= 1.5  m = 1500  mm 
= 6*120  +250=970  mm 


0.8  *§222  +250  = 730  mm 


10 


= 730  mm 


— 2. 5+2.0 =4.5 m =4500  mm' 
= 16  *120+ 250= 2170  mm 
= 0.8  *§222 +250  = 121 Omm 

5 


= 1210  mm 
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Steps  of  Design. 


— IF  d is  not  given  , assume  d 

d — t — 50  mm  IF  t ^ 1000  mm 

d — t — 100  mm  IF  1000  mm 

Choose  t 

Simple  Beam  £ 7± 

z— ' 

Continuos  Beam 


A A 

L L J 

bigger 


Cantilever  Beam 


Beam  with  Cantilever 


A A A 

LZ7 

t . =■  400  mm 

min. 


<- A 

70 
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Calculate 


M 


Flange 


2 Feu 

3 S0 


Co 


d-  ts 

a ~Z 


a = tg  o' 


Compression  Force 


'S9  O 


Cn=  4 


cu 


I r-  I 

6 


3 5, 


( B*ts ) 


M, 


Flange 


Jllc-  r>Jl  < - ju«a oo 


M tsB  (d-t±) 

Flange  3 Q ' 2 ' 


^ M u.L.  ^ M Flange 

4JbLwJI  Q J ^llLssiw  13 1 

131 


1 

/F  MUX'  > MFlange 

«lLLJI  jjS'I  q J 13 1 

13! 
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* IF  Mul  <:  M flange 
■■■  a<*s 

and  the  Sec.  will  acts  as 
R— Sec.  But  with  width  B 

— Get  d From. 


d-f 


l6- 


M 2 Fou  a B(d-%)  a 

VL  3 5C  v 2 > 

Note  that  CL  ^ ts 

® IF  CL>  0. 1 d 


- Get  As  From 
eg)  IF  CL<  0.1  d 


i-  f™.a.B  = As* 

3 6c  S 6S 

TaJce^  a = 0. 1 d 


— Get  _4S  From 


M 

U.L. 


F 

r_v_ 

6S 


o.i  d\ 
2 ' 


_ Check 


As  . 

mxn. 


-yaJ 


IF 

IF 


As^^rbd  .-.  o.k. 

*v 

As  < ~et  b d — > A As 

Jry  mv 


Take^ 


As  = A 


s_ 


min. 


U_l 


b 
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* IF  M U'L.  > M 


Flange 


Ojjta  <Jl^. 


••  a >t. 


2 Fcu 

3 Qc 


B 


Ci-i 


cu 


3 Q< 


ts  * B 


J Oc 


Cl 

Cz  ~j 

llcvj  I iJ’N 


QQ 

HO*1 


l 


jJ.A 


i 


a-t 


'8 


8 


Get  CL  From  taking  the  moment  about  Tension  Steel . 

Mv.L.  -f  % B{d-*§)+  | % (a-t.)  b ld-ts.  (“=*?)] 


3 0< 


Note  that  CL  )>  t. 


Get  CLmax  _ o.fi  (*)  [ eoo  + ] * ^ 

(t)  IF  a < orat  _®!i*  4S  From 


max. 


4^tsB+  | (a-t.)  b = ^3 


3 So  3 ' 3 5c  ' " -s. 

® IF  a>  amax.  | Note:  Don’t  you  ever  vise  A8 s 

| with  T—sec.  Sc  L—sec. 


ffe  Aiafe  to  increase  d — _>d  From 

new  vr»»w 

rafce  a = a_.=  M(0  [ 

v “I  % ^ B (4«-y)+ 1 % (V^)] 

•••  ^ B («U- j)+  I % <**=&>  & [*LeV  ( 


jsrd  -t 


)] 


•••  Get  d 


new 


* Get  amax.  = X d 


new 


— Get  ^4S  From 

| F°x  ts  B + | (a  -<s)  b =■  A~?y 

3 g o c?  x \ mcur.  */  S ^ 


3 5, 


6 


S 
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. 03 

-to 


oq 


1 


fejfK 


I 

*b 

-lo95 

o 


<N|cr, 

I « 

HO 

Q) 

C5 


-oh* 

- I - 

b 


o 

XO 


£ 

» 

3 

a 

■5 

*e 

ft! 

i 


0 
0) 
CO 

1 


•e* 

CO 

0) 

cq 


■o 

1 


- 33 
"Ho 

I 

b 


eg 

II 

»0 


_ 09 
Ho 


<M 


I 

b 


o 

xo 


6?lrf 


»*|oo 


I 

Ea 


s 

o 


o 
O) 

co  QQ 


O 

to 


Q) 

r 

MO 

fc. 

A 

*4 

b 

5*. 


03 

*+o 

a 


J 


HO 


*|<M 


. ® 
HO 

I 

b 

i i 

*o 


. 03 

HO 


■a 

c\i|eo 

+ 

oq 


. " 
HO 


« 

>o 


JD 

n 


P 


J 03 

£ 

O 

*. 

oq 

03 

■S* 

HH> 

&h 

so 

<N|oo 

A 

O 

b 

+ 

G 

•: 

HO 

<33 

© 

<M|co 

II 

fc?l 

cviloo 


>4 

,fc) 


I 

OQ 

^3 


w 

Ci 


oq 


1 


t 

rO 

_! 


N|og  U| 


5$|<n 
- I - 

■b 


bN  Mi- 


! 


v/ 


03 

S 


Ho 

<i) 


'b 

03 
£ C> 

b>  .0) 


Co 


*4 

fci 


Co 


■40 

V 

e 


o 

XO 


<N|C0 


© 

A 

b 


k?*|>0 


03 

ii 

oq 

* 

53 

* 


o 

xo 


evi|eo 


03 


^3 

Ho  g 

Q)  ? 

<4>  £ 


^ © 


© 

V 

b 


o 

* 


o 

,£3 


u V g 

0) 

3 


0 

£ 

0) 

^3 

Ho 

03 

© 

1 


fef|x5 


\ 

< — ^ 


*> 


» 

b «£ 

iO  ^3 
,*°0 


si* 


i § 

j *> 

3 I 


o 

03 

6 
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St.  360/520  'Ll!  5 a 

St.  240/350  J§§-  bdL 


£ 

Q) 

3 

•lo 

0 
$ 

•5 

61 

1 

CM 


• 

© 

© 

Co 

b 

9 

o 

so 

•b 

** 

o 

© 

fcl 

£ 

05 

jto 

so 

b 

© 

lb 

• 

© 

03 

1 

^3 

O 

NO 

s 

* 

o 

• 

© 

© 

• 

CO 

1 

el 

o 

SO 

'b 

© 

so 

© 

£ 

Si 

© 

•<*9 

03 

iO 

© 

b 

03 

09 

so 


t 

co 

<© 

V / 

II 

b 

’tt 

CO 


3 

CO 


■5 

b 


CS 


s 

Co 

CO 

e 

Co 

><S 

-b 

*«. 

© 

© 

©5 

CO 

><o 


fcl 


bN 

i 

oq 

b 

oji 

<Ni|  CO 


u 

>o 


o 

4 


•s 

,£3 


Hh 


so 

© 


03 

*0 


© 

A 

b 

ft! 


*s  . 

# 

CO 

H 

c© 

* 

e 

cv*|eo 


CO 


So 

0) 

tb 


o 

t 


•8 

^ >> 
>*  b 
o II 

V/  e 

8 • 

6(1 


O 

£ 

CO 

to 

Q) 

db 


M 


fe?*|x3 

03 

n 


* 


Etflxo 


bN 

I 

b 

fc?h“ 

(N|00 


g s_2 


Hh 


S«s 

© 


© 

A 

b 

Sj 


CO 


05 

* 

e 

* 


o 

» 


■a 

m|oj 


CO 


SO 

0) 

Cb 


o 

t 


'ti  '•** 
>,  b 
o II 

V/  8 

8 . 

6(1 


(M 


O 

£ 

CQ 

SO 

<4> 

tb 

I 


Ctf|x5 

03 

II 

s 

. ,ts 


% 


*> 


V u 

.O  iO 


^ i 
& 


IQU  >0 

Hi «« 

» ©I"  © 


§ 

^'.j»03  § 
co 


a*  2 


§ 

s 

5 


I 2 
$ * 


05  k 


© 

0) 

£ 

5J 


% 


*> 
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*©  iO 


-o 


t. 

09 
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<a 
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S 
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09 
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CO 
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Co 
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Example. 


__  Mul  = 500  kN. 

F = 25  N\mm  , st.  360/520  4 

"*'  , 1200 


m 


cu 


5 - 250  mm 

B = 1200 m 

d = 600  m 
MV'L.=  500  kN.m 

Get  As 


1- 


600 


100 


250 


-M  =4 


cu 


Flange  & 5( 


B(d~Y-)=  § (j^)(100)(1200)(600  - If) 


= 733333333  N.mm  = 733.33  kN.m 

Mul  <M flange  ^ a < f 

Get  a From  M„r  = 2 *22  a B (d-U) 

D-L ■ 3 5C  v 2 > 

•••  500  * /0®=  | (ff)  ( a )(1200)( 


600 


a \ 

9 ) 


•••  a > 0.1  d 


Get 


A From  * Fu  . a . B = A . i» 

* 3 Qc  * Qs 


(X  = 66.14  mm 

F, 


i(%)(SS.,4)(,200).  As  (1M) 


(360\ 

\1.15J 

— > 

- Check  A Sm iru  = y.jjfi  = fL  (250)  (600)  = -*5fl  mm 


y 


As  , <c  As  = 


mvn. 


2817  mm 
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Design  of  Beams  using  First  Principles. 


Example. 


F = 25  N\mm  , st.  360/520 

CK 

b = 250  mm 

B = 1200 m 

d - 600  m 
Mv. £,=  850  kN.m 

Get  As 


N. u.i.=  850  kN.m 


/200 


r£ 


eoo 


1 


J 


100 

~~\ 


250 


-M  =4 


cu 


Flange  & 


-W  U.L.  > M Flange 


tsB(d~^)=  ^(j^)^00){l200)(6°0-lM) 
— 733333333  N.rrvm  — 733.33  kN.m 
F„.  5 


a>  t 


8 


Get  CL  From 


) 

nJp  i| 

eP  i 

r * 

b 


Mu.,  % tsB(d-h)  (a-t.)  b [d-ts-  (*=±)] 


3 5c 


S50*  106=j (f/)(too)(t2t>o)  (6oo- + j (H)  (a-ioo)(z5o)  \6oo-ioo- ( a~,°  )] 

|g  =450.39  mm  | 


Get  From  £ ts  B + j (a-t8)  b =AS  5 
7 (H)('0o)('*oo)  + f (H)  (<50-39  -'°°)(35°)  =^s  ® 


4.= 


S = 73G3.4  mm 


- C,lecfc  — 6 d - (250)  (600)  = -#50  mm- 


^4  g ^ j4g  = 


min. 


7368.4  mm 
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Design  of  Beams  using  First  Principles. 


Reinforcement  in  Cross  section. 

^LLa3  ^uJLojJI 


f * 

• 

• 

B A A ^ 

! 

/ 

/ 

Shrinkage  Bars/ 
Z#10  at  300  mm 

1 

SHrrups 

min.  5 <£8\rri 

'W  Main  RFT.  y!s 

V 
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0 Main  RFT.  (^4S) 


Main  RFT.  Sec.  <D 


-UT 


UT 


Main  RFT.__Sec._®j  (/) 

moment  Jl  d^JI  <a>.  LoSIj  Jj5I>  j ^LLaidl  ^lvajSjJI  juapJI  yt 

Choosing  ^4S 

* min  <f>=012  * rnaxCjt)  = (jfi  25 

* max.  No.  of  rows  =■  3 rows  • ajl* 

* min.  No.  of  bars  in  one  row  — 3 bars  • gu.»  Y a*.IjJI  Judl  ^ aa*.  Jit 

* max.  No.  of  bars  in  one  row  — Ti  bar 

n ^jLuu  JL>ljJI  JLJI  Lbl£»*9j  jJ'Ludt  AJLfc  jjSI 

Calculation  of  max.  No.  of  bars  in  one  raw. 


To  get  Yl  , we  have  to  get  min.  spacing  between  bars  ( S ) 


25  mm 
$ max 

max.  size  of  aggregate  + 5 m.m. 

b-  50  = n $ + (n-  /)  (s) 

•••  b-  50  = n $ + (n-1)  (25) 
b-50  = Yi  ($+25) -25 


Take 


I 25  mm 


S =25  mm 


JoJl 


Example-  b.ZSO^n,  <f,  16-16 mm 

•*•  Yl  = b~25  _ 250  - 25  _ 5.48=  5.0  bars  in  one  row. 

$ + 25  16+  25 
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Design  of  Beams  using  First  Principles. 


— r- 

K *_! 

rm 

0 


IF  n =3 


— 1 r 

e • 

9 

3, 

• o j««5lJ  I ^xlwJJ  <— SL, a {yt  Jj£  1 J j OuX- 

fjy£j\  ^ JS”  0^  6^ 

• (jJjLfcuJ ) <_£Ua. Jl  ^u*>  (j^Sj 


3 Bars 

IF  n =4 

-nH tt 

_»_•_« 


3 Bars 


J/1  n-5 

TIT  ^ TT 


if  >i 


5 Bars 


4 Bars 


4 Bars 


6 Bars 


5 Bars 


5 Bars 


7 Bars 


6 Bars 


6 Bars 


8 Bars 


7 Bars 


7 Bars 

not  a 

Syrnrnetric  Sec. 


• • • 

9 

» • • 

_1 

9 Bars 


® 9 


12  16  18  20  22 >25  Jj^1  <J*  04^  *<£>  <jf  - 
2016+2018  .ylS'jVl  ^Vl  j-USJI  c,U  £li«Vl  - 

• Symmetric  gd-laill  ,jt  ^ISLoVl  j jls  ,^1*  JjUo  _ 

. g»->  y = jJaS  js-  ,3<  £L*>iVi  ,3-0  jd*  jit  _ 


Ex  amp  le. 


3012 (/) 

2012  + 2016 (/) 

2012+  1016 (X) 

2012  + 3016 (/) 

2012  + 2018 (X) 
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Area  of  Steel 


v mm 2 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

6 

28.3 

56.6 

84.9 

113.2 

141.5 

169.8 

198.1 

226.4 

198.1 

283 

311.3 

339.6 

8 

50.3 

100.6 

150.9 

201.2 

251.5 

301.8 

352.1 

402.4 

452.7 

503 

553.3 

603.6 

10 

78.5 

157 

235.5 

314 

392.5 

471 

549.5 

628 

706.5 

785 

863.5 

942 

12 

113 

226 

339 

452 

565 

678 

791 

904 

1017 

1130 

1243 

1356 

13 

133 

266 

399 

532 

665 

798 

931 

1064 

1197 

1330 

1463 

1596 

16 

201 

402 

603 

804 

1005 

1206 

1407 

1608 

1809 

2010 

2211 

2412 

18 

254 

508 

762 

1016 

1270 

1524 

1778 

2032 

2286 

2540 

2794 

3048 

19 

283 

566 

849 

1132 

1415 

1698 

1981 

2264 

2547 

2830 

3113 

3396 

20 

314 

628 

942 

1256 

1570 

1884 

2198 

2512 

2826 

3140 

3454 

3768 

22 

380 

760 

1140 

1520 

1900 

2280 

2660 

3040 

3420 

3800 

4180 

4560 

25 

491 

982 

1473 

1964 

2455 

2946 

3437 

3928 

4419 

4910 

5401 

5892 

28 

616 

1232 

1848 

2464 

3080 

3696 

4312 

4928 

5544 

6160 

6776 

7392 

iJ j+cla  ojjJl.  mJI  jUa£VI 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ii 

12 

8 

50.3 

100.6 

150.9 

201.2 

251.5 

301.8 

352.1 

402.4 

452.7 

503 

553.3 

603.6 

10 

78.5 

157 

235.5 

314 

392.5 

471 

549.5 

628 

706.5 

785 

863.5 

942 

12 

113 

226 

339 

452 

565 

678 

791 

904 

1017 

1130 

1243 

1356 

16 

201 

402 

603 

804 

1005 

1206 

1407 

1608 

1809 

2010 

2211 

2412 

18 

254 

508 

762 

1016 

1270 

1524 

1778 

2032 

2286 

2540 

2794 

3048 

20 

314 

628 

942 

1256 

1570 

1884 

2198 

2512 

2826 

3140 

3454 

3768 

22 

380 

760 

1140 

1520 

1900 

2280 

2660 

3040 

3420 

3800 

4180 

4560 

25 

491 

982 

1473 

1964 

2455 

2946 

3437 

3928 

4419 

4910 

5401 

5892 
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Compressive  Steel  {As') 

Ja£»*aJI  aJLLlm  <jj  ^ jj : Ju Jl>J I jjb  j 

. dUj  ^Jl  ^UaUI  ^h^-l  L.  Ijj.  ' 

Ja£i  i?— Sec.  Jl  Aa'  Jl 

T—Sec.  & L—Sec.  Jl  <jj  ^ J 


As"  = 0.40  A 

max. 


e s 9 a 


-i_< — - 


1 // 


R—Sec. 


5 


l 


Stirrup  Hangers,  obiiii  *1*3 


Stirrup  Hangers 


4* 


J\(0./—  0.2)  AS 

jA ! 


T“ 


4" 

I — 

i 


5 5 


I / Stirrup  Hangers 

Z 

(0.1^,  0.2)  As 

T-Sec.  R-Sec. 

• <jJI  £LL>0  |*J  £%JaJI  J.'  ^MjUajI  <s*  - 

. Stirrup  Hangers  IjJ  LfloJx-  oLlSJl  ^,Jx5  LaoiLla  j — 

• Secondary  Steel  <j-c  ojLlc  Stirrup  Hangers  Jl  - 

. CjIjLuu>JI  ^-9  La  j j Lu!  <j! 

R-Sec.  Sc  L-Sec.  Sc  T-Sec.  <jj  Stirrup  Hangers  Jl  - 

. <>  ^Vl  ^LLUI  ,^-i  Stirrup  Hangers  Jl  - 

(0.1^  0.2)  As  =) 

2 0 Beams  » ^ I 

2012  Frames  _J) 
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@ Shrinkage  Bars. 


Lu-jf 


A>>Aa.  £U~)I  ,>£-  OjLi  <J*  3 - 
^jjU  £*>>5 
jjSj \ J-U&J 


-r 


Shrinkage  Bars 

i— 

2#10 

at  every  30  cm 


t > 700  mm  ojSz  Jali  Shrinkage  Bars  Jl  ^bbo  j _ 

0.08  .4S 


/V*  2 010  at  every  300  mm 

Example. 

IF  t =800  mm 
.*.  No,  of  Spacing s — 


3 (j-a  Shrinkage  Bars  Jl  ^LcuS  _ 


800-100 

300 


= 2.33  = 3.0  Spacing  — ► 2.3  Bars 


Stirrups . c>LjLSJI 

J C?  ! J^oSlJ  I Cj  la  ISlJ  I JJ 

. Shear  Stress  J!  «u^UU  - 

-LlL^oJ  I aJLLluc  (_£_9  <0  Lj  jiJ  I jjaj  JajjJJ  — 
• JiwJ  I d ^ L->  < >1  ju  jl>J  I j 


Hr 

1 

' 7> 

» s 

i • 

m m m m 

i 

Stirrups 

min.  5<fi8\rri 

. 50fl\rri  ^ oj*&l  cablSH  <^3  Jit  _ 

• -LxcwykJ i <jlp»  L«&la  (jjSj  olSJl  ^Uilo  _ 


+ + 


<ol5Jl  ^lai. 


+ 


\ol5Jl 
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Design  of  Beams  using  First  Principles. 


Examples  on  Design  using  First  Principles. 


Mvx  = 2000  kN.m 


F — 25  N\mrn 
cu~  ' 

, st.  360/520 

Mux,  = 2000  kN.m 
Design  the  section. 

Draw  details  of  RFT.  in  section. 


t 


-1800- 


200 

00 

250 

250 

200 

-1300- 


Solution. 


t 


T-Sec. 


-1800 


i 


200  \ 

00 

250 

250 

200 

-1800- 


10 


00 


4300- 

F 


' 

2oa 

"Tu 


-500- 


1 J - 

poo 

t 

950 


-1300- 


Flange  5 5( 


— M = 4-^  tsB  (cf-  - | (fg-)  (ZOO) (1800)  (^950  - 2—) 

0 

= 3400000000  N.mm  = 3400  kN.m 

a<£ 


M u.l.  < MFiange 

2 Fcu 


3 5, 


Cc 


d-  — 9$0 

2 v 


-/30^ 
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- Get  a From  M 2 Feu  a B (d-SL) 

UL-  3 5,  v ? ' 


2000  * 10  • | (!Fj(a)(feOO)(950  -2|0) 
•••  a>  0./  d 


(X  = 117,6  mm 


Get  -4s  From  Compression  Force  - Tension  Force 


% fy  aB  = As * 

3 Qc 


Fy 

6s 


i(#)(//7-6)(/800)  =^4s*  (£ 


360\ 
15/ 


-4.Q  — 


7513.3  mm 


— Check  A § 


1.1 


( 500 ) (950)  = 1451  mm 


min.  — 


V 


360 


s . <T  s =■ 


min. 


7513.3  mm 


n = ~25  = 3(  - 25  = 27.1  = 27.0 

$+25  22  + 25 

Sttrrup  Hangers  = (o.l  — » 0.2  ) As  — (&•*—►  0.2)  7513.3 
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1800 


5 0 8 \nt 

^ 
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Examp  le. 


F — 25  N\mrn 
c u ~ 

, St.  360/520 
Mu.,  = 250  kN.m 

Get  As 


Mv.,  = 600  kN.m 


0.15  0.15 


^ 0.15  0.15 


Solution . 


a 


max 


600 

600  + (Fy\5s) 


assume 

a — 200  mm 


2 Fcu 


3 

& 

C 

750 


0.35  d = 0.35  * 850  = 297.5  mm 


Ml  Flange 

I 


-Mi  „ 

Flange 


f ^ftsb  (750)  = | (200)  (300)  (750) 

— 500000000  N.mm  = 500  kN.m 


M u.l.  > MFlange 


CL  200  mm 
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assume 

a — 400  mm 


2 Fcu 

3 Qn 


Cci 

Ccz 


550 


750 


200 

200 


850 


500 


M2  Flange 

•t 


■ 

ill 

l—6( 

>0— 1 

900 


m2  = 

Flange 


3 (ft) (200)  (300 ) (7S0)  + § (ft)  (20°)  (eo° ) (sso) 

— 1233333333  N.mm  — 1233.3  kN.m 


V Mi  < MV'L'  < Mz  •••  [f££  mm<^Ct  ^ 400  mm  | 

Flange  Flange 


Mu.l.=  600  kN.m 


2 " cu 


5 

0c 

t , 

c 

a \ 

r 

1 a-200 

650-0^2—  7 7°  850 

2 


J 


Cc/=  J-  ^ (200)  (300  ) = g(f£)(*00)(300) 


^^j-200 


900 


Cc2=  j -f?  (a- 200)  (eoo)=  | (*|)(a-*oo)(«oo) 
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Design  of  Beams  using  First  Principles. 


Get  CL  From 


Mu.Lr  Cc,(rso)+ 


600  * 106=  | (200) (300) (750)  + 1 (CL-200)(600)(650  - 0^2°) 


CL  = 223  mm 


0.1  d< a<a 


max 


Get  As  From  Compression  Force  - Tension  Force 


| (j%)  {200) (300  ) + | (^J.)  (223-200)(600  ) = 4S*  (^-) 


2619.4  mm 


_ Check 


1.1 


b d = (300)  (850)  = 779  mm 


min.  — 


AV 

*’•  A s . < i4§  - ; 


360 


rmn. 


2619.4  mm 


n=  b - g5  = 9i  -25  = 18.6=  18.0 
<f>  + 25  22  + 25 

Stirrup  Hangers  = (o.l  — ► 0.2  ) - (o.l — ► 0.2  ) 2619.4 
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0.150.15  0.150.15 

r* — *r* — t~0.  3 0—j 
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Examp  le. 


For  the  reinforced  concrete  simple  girder  carry  the  dead  and  live  working  loads 
and  whose  cross  section  is  shown  in  Figure  1 It  is  required  to: 

/-  Using  the  First  principles  and  the  limit  state  design  method,  design  the  girder 
to  satisfy  the  bending  moment  requirements. 

2-  Draw  the  details  of  reinforcement  of  the  girder  s croos  section  to  scale  1:25 


Data  : 25  N\mrn  9 st.  360/520 


G = 80  kN 
P=50kN 

g =25  kN\m 
P = 15  kN\m 


G = 80  kN 
P=50kN 


-2.5- 


-3.0- 

-8.0- 


B 

r 

B 

-2.5- 


I 

~o7io\~  J 
o.i oV  J 


— -|  0.25  p— 
^-0.35— 1 


0.80 


0.60 


-0.45- 


Figure  1 


Cross  Section  B 


W=  1.5 
= 196 

y 

*130  W=  1.5*130 

i kN  = 195  kN 

W=  1.5*40 
m — 60  kN\m  w 

f 

- — 2.5 — - 

A 

3.  o — J— 2. 5 — 

R =■  435  kN 


Mu.l.  = 967.5  kN.m 
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s'  ^s  gxven. 


a = a 


max 


600 


600  + (Fy\Gs) 


]d 


.%  a 


600 


600  + (360\l.15) 


. /5H 


2 "cu 

3 6r. 


Cci&Cs 


Cc2 


'C3 


750  = 262.85  mm 

Mu.l.=  967.5  kN.m 

-2^(  ( 

lllbs 

a = 262.85 


700 


600 
518.57 


450- 


Ccl=  | ( f |r)  (100) (250)  = 277777.7  N = 277.7  kN 

CC2  = | ( f (100)  (350)  = 388888.8  N = 388.8  kN 

CC3=  | (^|-)  (&2.fl5)(450)  = 314250  N = 314.25  kN 

Cs  - As  4 (fiL)  , T,AS  5,  (*•) 


By  taking  the  moment  about  tension  steel. 

* Mv,l.  = Cs  (700)  + Cot  (700)+  Ccz  (600)+  CC3  (518.57) 
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By  taking  the  moment  about  tension  steel . 

Mu.l.=  967,5  kN.m 

2 Fc  u ^ 

3 qc  _ r^f^i 


Cci  &Cs 


CC2 


Cos 


700 


600 
516.57 


750 


a= 262.85 


1—350—1 


487.15 


-450- 


* Mu.l.=  Cs  (700)  + Cci  (700)+  Cc2  (600)+  CC3  (518.57) 

/.  967.5  * 106  = As»  (^f|)  (700)  + 277777.7  (700) 

+ 388888.8  (600)  + 314250  (518.57) 


<f> + 25  22  + 25 

♦ Equilibrium  equation.  Cq  1 + Cq2  + Cc3  + C?s  — T 

277777.7 + 388888.8  4-  314250  + 1719.34  = As  (j%) 


n _ 6- 25 
Jf25 

As > 


Check 


= 450=  25  = 8.50=  8.0 
25  + 25 

1719.34  e.  nr  a ^ yf  . 

= 0.354  <0.4  o.k. 

4852.8 
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l—250—i 


4 

4 

508  \rrt 
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Example. 


F — 25  N\mrn 

C\L 


» St.  360/520 
M V'L.=  250  kN. 

Get  As 


m 


Solution. 


Mu.l  = 250 


kN.m 


520 


V t — 520  mm 


d = 470  mm 


^max  =0.8  [ 600  + ^ ~ 0,35  d = 0,35  * 470  = 164.5  mm 


Assume 

CL  — 260  mm 


2 F, 


cu 


3 Q, 


470 


Cci 


Ccz  | 


340 
296.6 


260 


Ca 

M = | ( 260)  (300  ) [ 340 ] +|  2 (0.5)  (150)  (260)  [296.  e] 

= 423193333  N.mm  = 423.19  kN.m 

.’.  M u l ^Flange  >-  (X  <^260  mm 
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Design  of  Beams  using  First  Principles. 


Mu.l.  = 250  kN.m 


area  Ai  = 300  CL  0.577  CL 

areaAz  = 4 *0.577 CL  * CL 

A 2 = 0.288  a2 


— Get  CL  From 

Mu.l.=  §^c(Ai)  (d- 1)+  j^(2*Ag)  (d- fa) 

Z50  • 10e=  | ijf)  ( 300  &)  (47°  - -rr)  + | (4§-)  ( 2 * 0.288  a ) (470  -fa) 

a = 149.5  mm  o.  i d<a<a  max 
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Get  A S From  Compression  Force  = Tension  Force 

|%U/)  + | ^(2*Az)  = A8*^m 


3 6 


5: 


I (tD  (30°*  /49'5)  0.288  * 149.5  2 ) = ® ) 


s =2048.8  mm 


- Check  ^ b d - -jjffi  (300)  (470)  = 431  mrn 

m/ 

••  < As=  2048,8  mrn 

min. 


n = *>-25  __  31  0 25  = 5 85  = g Q 

<f>  + 25  22  + 25 

Sttrrup  Hangers  = (o.l  — > 0.2)  As  ~ (0.1—+  0.2)  2048.8 
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Examp  le. 


900 


1 


Fcu  = 25  N\mrn  , st.  360/520 
Mux.=  300  kN.m 


Reg. 


r 


Using  First  Principles  Design  the  Sec.  For  Bending 
With  min . Depth.  Sc  without  A$ 


Solution . 


R—Sec. 


To  get  dmin_  -T^*  a = amax-  , = 

max. 


0l'ma*  - 0.8  (!)  [ e00  + (/’y\gs)  "]*d-  0.35  d 
LI  =5*  104*  F,  =:  5*  10~4  (25)=  0.0125 

rmax.  CU 

As  bd  = 0.0125  (500)  d/  — 6.25  d 

max.  max.  ' 
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From  Mvl  = §fy:  a b (d  - ) 

3 Tnax.  v rmn  £ / 


/.  300*10S=  § (tt)  (°-35  d • ) ( 500 ) ( d - 0.35 dmm\ 

,5  v ' • ° 7 v rmn 7 v 7 V min  2 7 


d=450  mm  • £ = 500  mm 


c£  =432.45 mm  Take 

min.  * 

— Get  ^4  g From 

As  = As  _ 6.25  d = 6.25  ( 432.45 ) = 2702.8  mm 


max. 


.-.  n = = 900-25  = 21.3 = 21.0 

<f>  -f  £5  / 6 + 25 


SUrrup  Hangers  = (o.l— »>  0.2  ) {,0,1— ► 0.2  ) 2702,8 
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0.90 


0.50 


o . 

508  \rri: 

2012 

^ . 

—0.25— 

- 0.40 

—0.25— 

14<ff>  16 


2012 
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Examp  le. 


9 00 


1 


Fcu  = 25  N\mm  , St.  360/520 

Mu.l.  = 300  kN.m 

Reg . 


r 


Using  First  Principles  Design  the  Sec.  For  Bending 

With  min.  Depth.  Sc  with  Ag 


Solution. 


R-Sec. 


p 

m 

' 

i 

' 

To  get  dmin. 


when 


> cl  = cl 


max. 


max 


l—500—1 


a 


r 

max 

L_ 


d-<£ 

Co 


d-2. 

2 


Cs 


2 Fcu 

3 


9 Ag^Ag  + Ao'  9 Ag—  A 


8 ' 

max. 


s 

max. 
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a"“  - 0.8  ( J)  600  + (jpy\0j>)  ~\*d-  0.35  d 


LI  =5*  10  * F,  = 5*  10  (25)  = 0.0125 

* YIXOLX.  CU 

As  = |J-  6 d = 0.0125  (500)  d = 8.25  d 

max.  max.  ' 

A 3^=  0.4  As  = f \LJ>  d = j (0.0125)  (500)  d =4.16  d 
From  Mum  = | CLj)  (<£*.-  M A#  Ik.  (dmin  -d  ) 

C 2 max.  ()  s 

:.  300. 106=§(%)  (0.35  dmJ  (500)(d^°-^ArM)+  (4. 1 6dmin)  (j%L)  (d^.  SO) 
/.  d = 332.6  mm  Take  » |rf  =350mm\ , \ t = 400 

— Get  A.  s From 

As  =6.25  d =6.25  (332.6)  = 2078.7  mrn 

max. 

As'-  = 4.16  d = 4.16  (332.6)  = 1383.6  mrn 

max. 

As-  As  + As'  - 2078.7  + 1 383.6  = 3462.3  mrn 


max. 


max. 


.’.  n = b-25  = 900-25  = 18.6=  18.0 
0 + 25  22  + 25 


S" 


505  \rrt 


0.40 


-0.90- 


^ 8 5 
■ 

§ 

1 

505  \rri 

^ . 

2<ft>22 

10022 


2022 


— 0.40 — -J* 0.25 ^ 


© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 

Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) "age  lyo.  j / 


Design  of  Beams  using  First  Principles. 


